Marine algal seaweed species are often regarded as an underutilized bioresource many have been used as a source of food, industrial raw materials, and in therapeutic and botanical applications for centuries. Seaweeds are best known for the natural polysaccharides. Moreover, seaweed and seaweed-derived products have been widely used as a key ingredient in many pharmaceutical preparations like tablets, as rate retardant in sustained and extended release dosage forms, as stabilizer in liquid orals, cosmetics, implants and as bioplastic in packaging industry. This article provides a comprehensive review of various seaweed species and seaweed products with an emphasis on the use of this renewable bioresource in pharmaceutical industry and medical field.
INTRODUCTION
Plastics are carbon-based polymers and we make them mostly from petroleum. With the discovery of plastics, life became much more convenient because it is used to make a wide array of useful materials. But these plastics are so durable that it will take many centuries for these plastics to completely degrade while other plastics will last forever. Discarded plastics are also a big cause of pollution and because of that; plastics make our environment a much less attractive place. Getting rid of plastics is extremely difficult. Burning these plastics gives off harmful chemicals such as dioxins that could contribute to Global Warming. Recycling these plastics is also difficult because there are many different kinds of plastics and each has to be recycled by a different process. [1] Though these plastics are considered to be one of the greatest innovations ever, they are also imposing a great havoc to the environment, the wildlife and the general public (Woodford, 2008) . For this reason, this study aims to develop a biomass-based plastic from the natural polysaccharides of seaweeds. Biomass-based plastics or bioplastics are a form of plastics derived from renewable biomass resources like vegetable oil or corn starch rather than the conventional plastics which are made from petroleum. Their advantages are innumerable and one is their capability to biodegrade naturally within a short period of time only.
Some of these polysaccharides are Floridian starch, agar and alginate. Since they are renewable biomass resources and are polymers made from sugars which contain carbon, they could be used to create a bioplastic. [2] Seaweeds are macroscopic algae found attached to the bottom in relatively shallow coastal waters. They grow in the intertidal, shallow and deep sea areas up to 180 meter depth and also in estuaries and back waters on the solid substrate such as rocks, dead corals, pebbles, shells and other plant materials. They form one of the important living resources grouped under three divisions namely, Chlorophyceae (green algae), Phaeophyceae (brown algae) and Rhodophyceae (red algae). They are abundant on hard substrates and commonly extending to depths of 30-40 m. About 624 species have been reported in India with a potential of 77,000 tons (wet weight) per annum. [3] [4] [5] The red seaweeds contribute 27.0%, brown 0.2 % and others 72.8 %. About 206 species of algae have been reported from the mangrove environment. Seaweeds are the only source of phytochemicals namely agar-agar, carrageen an and algin, which are extensively used in various industries such as food, confectionary, textiles, pharmaceuticals, dairy and paper industries mostly as gelling, stabilizing and thickening agents. They are also used for human consumption, animal feed and as manure in several countries. The seaweeds found in the mangrove environment are mostly attached to the aerial roots of the trees level makes the mangrove environment unfavorable for the growth of many seaweeds.
Bioplastics are a form of plastics derived from renewable biomass sources, such as vegetable fats and oils, corn starch, pea starch or micro biota. Common plastics, such as fossil-fuel plastics, are derived from petroleum-these plastics rely more on scarce fossil fuels and produce more greenhouse gas. Some, but not all, bioplastics are designed to biodegrade. Biodegradable bioplastics can break down in either anaerobic or aerobic environments, depending on how they are manufactured. There are a variety of materials bioplastics can be composed of, including: starches, cellulose, or other biopolymers.
Bioplastics are characterized by the fact that:

The petrochemical resin is replaced by a vegetable or animal resin.
The compounds (glass or carbon fiber or talc) are replaced by natural fiber (wood fibers, hemp, flax, sisal, jute)
Seaweeds-source for bioplastic
Seaweeds are best known for the natural polysaccharides that can be extracted from them which are widely used particularly in the fields of food technology, biotechnology, microbiology and even medicine but not yet in the plastic industry. Some of these polysaccharides are Carrageenan, agar and alginate. Since they are renewable biomass resources and are polymers made from sugars which contain carbon, they could be used to create a bioplastic). 
Carrageenan
The original source of carrageenan was the red seaweed Chondrus crispus (common name: Irish moss).
Agar
Primarily from the genera Gelidium and Gracilaria, or seaweed (Sphaerococcus euchema). For commercial purposes, it is derived primarily from Gelidium amansii.
Alginate
Alginates are produced from brown sea weeds (Phaeophyceae, mainly laminaria)
Kunbu (Saccharina and Ecklonia) (Kombu in Japan)
Kunbu produced from a brown algae Saccharina japonica and Ecklonia kurome (Saccharina-formerly Laminaria) is sometimes called haidai.
Haizao (Sargassum)
Sargassum, brown algae, as the source of haizao. Sargassum is a large genus and several species seem to be in use.
Zicai
(Porphyra) (Nori in Japan) Porphyra, a red algae is the source of zicai.
Brown Algae (BladderWrack) seaweed side effects 1. Bladderwrack consumption is always considered unsafe because of its potential contamination with many heavy metals. 2. High iodine content in bladderwrack may be toxic if taken in large doses. It may lead to abnormal thyroid conditions, acnetype skin lesions, increased salivation, stomach irritation and brassy taste. 3. Bladderwrack may lower blood sugar levels and have blood thinning effects. Thus it should be used with caution for patients with diabetes, hypoglycemia, bleeding disorders, or taking medications for these conditions. 4. Due to high levels of arsenic kidney and liver toxicity have been reported in some individuals. 5. Bladderwrack may not be advisable for children and during pregnancy and lactation due to its high iodine, heavy metal and other contamination.
Red algae seaweed side effects
Being a proper food, there are no side effects with red marine algae and there have been no noted side effects with red marine algae plus consumers.
Green algae side effects
Few side effects have been reported from the ingestion of green algae. However, as green algae can accumulate heavy metals from contaminated water, consuming green algae could increase the body's load of lead, mercury, and cadmium, though noncontaminated green algae have been identified.
Another popular species of green algae, Aphanizomenon flos-aquae, has been found to produce toxins. A few reports also describe allergic reactions to green algae. Animal studies have found spirulina to be safe during pregnancy.
There is one case report of a man who developed liver damage while taking spirulina. As he was also talking three prescription medications, it is not clear whether the spirulina caused or contributed to the liver injury.
Methods for extraction of bio plastic from seaweeds
Bioplastics from seaweeds are reported to be more resistant to microwave radiation, less brittle and durable. The component of seaweeds used in the making of bioplastics is polysaccharides. The seaweed is systematically gathered, quickly dried and then baled to maintain its quality and freshness.
Method-1
Removal of impurities:
The dried seaweed is mechanically ground and sieved to eliminate impurities such as sand and salt which is followed by extensive washing to ensure additional quality 2. Hot extraction process: Seaweeds undergo a hot extraction process to separate the polysaccharides which is a two-step clarification process.
(a) Centrifugation: First the dissolved polysaccharide mixture is centrifuged to eliminate the dense cellulosic particles, filtered to remove the smaller particles and then, the solution is concentrated by evaporation for the removal of water.
(b) Recovery of polysaccharides: The polysaccharides are then recovered by one of the two processing methods.
(i) Potassium chloride solution is added to the concentrated solution of polysaccharides to increase the gelling temperature so that the filtrate will gel immediately. The gel is then frozen and compressed to remove excess water.
(ii) In another method, the concentrated solution is precipitated in isopropyl alcohol and as the polysaccharides are insoluble in alcohol, the filtrate turns into a coagulum of polysaccharides, alcohol and water.
The coagulum is compressed to remove excess of liquids and vacuum dried to completely remove the alcohol. Drying is completed on a belt drier and is blended to meet the finished product of exact specification.
APPLICATIONS[7-9]
Pharmaceutical applications Carrageenan  It is used in a variety of nonparenteral dosage forms, including suspensions (wet and reconstitutable), emulsions, gels, creams, lotions, eye drops, suppositories, tablets, and capsules  It has been shown to mask the chalkiness of antacid suspensions when used as a suspending agent  Used in hand lotions and Creams to provide slip and improved 'rub out'.  It has good tablet-binding properties. Furthermore, the inclusion of calcium or potassium salts into the tablet creates a microenvironment for gelation to occur, which further controls drug release  It has also been used as beads in the preparation of controlled release systems.  Used as thickening agent in the preparation of tooth pastes especially to treat tooth decay.
Agar


It is widely used in food applications as a stabilizing agent  Sustained-release agent in gels, beads, microspheres, and tablets.  It has been used in a floating controlled-release tablet  Alginates Used in a variety of oral and topical pharmaceutical formulations. In tablet and capsule formulations, alginates are used as both a binder and disintegrating agent  As a thickening and suspending agent in a variety of pastes, creams, and gels; and as a stabilizing agent for oil-in-water emulsions.  Therapeutically, alginates have been used as an antacid.
Surgical applications[10,11]
Prosthetic devices: Alginates are best alternative to prosthetic devices Joint replacements, fracture fixation plates, bone defect fillers: Furanones have previously been identified as the agents that keep a red alga called Delisea pulchra. Coating artificial hips, heart valves and other medical implants with furanones could prevent patients from contracting life-threatening infections.
Sutures:
Alginates derived from crocystis, Laminaria, Sargassum, Ascophyllum used in the preparation of biodegradable sutures.
Dental implants: Spirulina has extremely high chlorophyll contentin fact, it is entirely responsible for its green pigment (phycocyanin is the blue pigment). Taking Spirulina will thus ensure rapid healing of damaged tissue, as well as providing a concentrated source of calcium, necessary to maintain the health of teeth and gums.
Heamorrhage: Fucoidan(brown algae) in the pre-surgical patient diet seems to reduce the intensity of blood loss and vascular bed collapse shock during and after surgery. [12] Medical applications Antiviral activity: Fucoidan interferes with every stage of viral attack, cell attachment, cell penetration, and intracellular virion production by stimulating the production of antiviral cytokines in tissue grfting. [ Rhumatoid artheritis: Fucus mushes used as best folk medicine for the treatment of rhumatoid artheritis.Brown algal phycopolymers are algin and fucoidan have great therapeutic value as a heavy metal detoxifying agent. [23] Postmeno pasual changes (PMS): Women patients eating seaweeds to reduce PMS symptom severity report a distinct cyclical waxing and waning of seaweed cravings. [24] Erectile dysfunction: Seaweed drink acts as medicin in erectile dysfunction and most of these are behavioral, such as smoking, alcohol consumption, chronic dehydration, obesity.
Hormones in sea weeds[25-28]
Melatonin: Sea weeds are best source for melatonin. Day time harvested sea weeds possess more amount of melatonin. Brown seaweeds are the only known non-animal sources of thyroid hormones. Fucus species of brown seaweeds have been used as treatment for thyroid disorders. The thyroid hormone present in Fucus is Di-Iodothyronine (DIT). Fucus is used to wean mildly hypothyroid patients off thyroid hormone medication.
Thyroxin: T4 and T3 have been found as the main organically bound iodine compounds in several brown seaweeds, notably Laminaria species and Sargassum species. Up to 10% of Lamiarian iodine may be in MIT, DIT, T3, orT4. Even more in the less commonly available Sargassum. Icelandic kelp, Norwegian kelp, Atlantic kelp, Pacific kelps, Fucus species, Wakame, Sargassum, and Nori are the iodine rich seaweeds used for the treatment of thyroid cancer is one of the fastest increasing cancers in both adult men and women.
Enzyme inhibitors and Stimulants:[29]
Fucoidan (Rhipocephalus phoenix) also inhibits cytotoxic and myotoxic activities of several PLA2 myotoxins from crotaline snake venoms that result in muscle necrosis caused by snake bites. One of the treatments is to cover a person's body with a paste of fine particles of seaweed, sometimes wrap them in cling wrap, and warm the body with infrared lamps. It is said to be useful in various ways, including relief of rheumatic pain or the removal of cellulite.
Industrial/Machinery
Other industrial applications of sea weeds include 
Biomass for fuel:
Gracilarial sea weeds rich in methane.
Packaging: Because of their(Sea weeds) biological biodegradability, the use of bioplastics is especially popular in the packaging sector. The use of bioplastics for shopping bags is already very common. After their initial use they can be reused as bags for organic waste and then be composted. Trays and containers for fruit, vegetables, eggs and meat, bottles for soft drinks and dairy products and blister foils for fruit and vegetables are also already widely manufactured from bioplastics.
Disadvantages
Some disadvantages of bio-plasticsare 1. Bioplastics could have a damaging effect on soil, water usage and quality, and result in higher food prices.
2. Bioplastics are designed to be composted, not recycled. The plantbased material will actually contaminate the recycling process if not separated from conventional plastics such as soda bottles and milk jugs.
3. Home composting may not be an option. Some bioplastics cannot be broken down by the bacteria in our backyards. Polyethylene (PE) made from cane sugar is one example of this. Only bioplastics that are fully biodegradable will break down in a home compost pile, and it could still take up to two years for certain items (e.g., forks and spoons). The rest require the high heat and humidity of an industrial composting facility. There are only about 100 of those in the country, and not all accept bioplastic waste.
4. Plants grown for bioplastics have negative impacts of their own. Bioplastics are often produced from genetically modified food crops such as corn, potatoes, and soybeans, a practice that carries a high risk of contaminating our food supply. Also, corn and soybean producers typically apply large amounts of chemical pesticides and fertilizers that pollute our air and water. To compound matters, the growth of the bioplastics and biofuel industries (both of which currently rely on food crops as their raw material) increases the demand for crops, puts pressure on food prices, and increases the impact of agriculture worldwide.
The main disadvantage with oil-based biodegradable plastics is that when they break down, carbon dioxide is released in the process and contributes to global warming. Another disadvantage with biodegradable plastic is that degradation will happened very slowly underground. Also, biodegradable plastics when mixed with normal plastics would reduce the worth of the plastic itself if it is recycled and make the recycled plastic useless
CONCLUSION
Bioplastics from seaweed may also be expensive but they have gained utmost importance in the recent times because of their advantages over other biological sources which have already mentioned above. Seaweed based bioplastics play a vital role as an environment friendly and biodegradable alternative compared to conventional plastics. The technology routes for the production of seaweed based bioplastics are still under research and the use of biotechnological and genetic engineering techniques play a key role in conducting the feasibility and sustainability studies in seaweed based bioplastics. It is hoped that significant advances made in the bioplastics industry in general will benefit seaweed based bioplastics industry as well and will make seaweed based bioplastics a reality in the distant future.
